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The d is t r ibu t ion  of functional groups in low rank coals has been 

the subjec t  of  a body of inves t iga t ions  [summarized by Meyers (1982) and 

Spiro and Kosky (1982)l  o r ien ted  towards a description of the k ine t ics  and 

mechanism of thermal conversion processes.  

Californium-252 Plasma Desorption Mass Spectrometry (CFPDMS) as a probe t o  

the  s t ruc tura l  fea tures  o f  coal have been described by Lyt le ,  Tingey and 

Macfarlane (1982). The in t e rp re t a t ion  o f  CFPDMS spec t r a  has necess i ta ted  

a functional group charac te r iza t ion  of the coal subs t r a t e  by conventional 

spectroscopic and chemical techniques. CFPDMS requires the use o f  organic 

soluble f rac t ions ,  and we have u t i l i z e d  DMSO ex t r ac t s  as  they seem qu i t e  

representative o f  the organic func t iona l i t i e s  present.  

( W L )  and some of i t s  s o l u b i l i t y  f r ac t ions  have been so characterized, 

including i t s  DMSO so lubles  (SD), DMSO insolubles ( ID) ,  humic ac ids  (HA),  

a sample demineralized ( D M )  by the method o f  Bishop and Ward (1958),  the 

DMSO ext rac t  of t h i s  (SOM), and t h e  inso luble  residue ( I D M ) .  

sample used was obtained from a d r i l l  core near Rockdale, Texas. 

Use o f  the new technique o f  

Dry Wilcox Lignite 

The coal 

Extraction of W L  w i t h  DMSO f o r  24 hours a t  room temperature gives 

a 20% yie ld  of ex t r ac t .  

ex t rac t ion  and p rec ip i t a t ion  with HC1. Removal of  residual DMSO in the 

solubles and insolubles can be accomplished by HI treatment with subsequent 

removal of dimethyl su l f ide  and HI, but a t  the  cos t  of some iodine incorpora- 

t i on ,  e ther  cleavage, a n d  mineral matter l o s s .  

Humic ac ids  were obtained by aqueous NaOH 
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Acidic Group Ti t ra t ion  

Ti t ra t ion  for  carboxylic ac id  content,  ( C O O H ) ,  were car r ied  out on 

WL, SD, OM, and SDM according t o  the methods o f  Schafer .(1970a, 1970b); 

to ta l  ac id i ty  was determined on SDM and IDM. The r e s u l t s  are reported 

on a daf basis in Table 1 .  

Of Wilcox l i g n i t e  and the demineralized l i g n i t e  amounts t o  0.16 and 0 .4  

Wg(COOM)/g respectively.  

estimated from 

An enrichment in  ( C O O H )  i n  the  DMSO ex t r ac t s  

Carboxylate bound cation content (COOM) i s  

m q (  COOM)/g = ( C O O H )  Oemi neral  i zed - ( C o o H ) D r y  

Thus the bound cation content o f  WL and SD i s  some 1.5 and 1 .8  meq(COOM)/g 

respectively.  From the  to t a l  ac id i ty  da ta ,  the concentration of  hydroxyl 

and pyrrole hydrogen (OH,> N H )  i s  estimated from 

(OH,> N H )  = t o t a l  ac id i ty  - ( C O O H )  

For the demineralized samples, DM and SDM, t h i s  amounts t o  4.9 and 5 . 0  

mq(OH, > NH)/g. 

Nuclear Magnetic Resonance 

. Solid s t a t e  C 13  NFIRCPMS spec t ra  f o r  se lec ted  s o l u b i l i t y  f rac t ions  were 

obtained by the NMR Center a t  Colorado S ta t e  University. 

derived from the spectra shown in Figure 1 for  WL, I D ,  SD, and HA a re  0.53 

0.55, 0.52, and 0.72. 

enhanced height of the 123 ppm absorption due t o  the t r u l y  aromatic carbons, 

and to  the profusion of carboxylates and aromatic oxygen functions in the 

s k i r t  downfield of 150 ppm. 

Aromaticities 

The higher aromaticity of HA i s  due t o  both the 

Proton NMR of SD i n  d6-DMSO exh ib i t s  t he  proton populations shown in 

The chemical s h i f t  of hydrogen attached t o ,  o r  alpha t o ,  oxygen Table 2 .  

atoms i s  n o t  a t  a l l  c l ea r .  What i s  apparent i s  t h a t  the high oxygen content 
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o f  t h i s  f r a c t i o n  g i ves  r i s e  t o  peaks i n  t h e  3.0-4.0 ppm r e g i o n  o f  t he  

p r o t o n  NMR spectrum. 

Oxygen bound carbon a l s o  accounts f o r  abso rp t i on  i n  t h e  d o w n f i e l d  

f l a n k s  o f  both a romat i c  and a l i p h a t i c  peaks i n  t h e  carbon 13 NMR spec t ra .  

Use o f  s h i f t r e a g e n t s  (Shue and Yen (1983) )  i s  under s tudy i n  i d e n t i f y i n g  

t h e  f u n c t i o n a l i t i e s  i n v o l v e d .  

FOURIER TRANSFORM INFRARED SPECTROSCOPY ( FTIR) 

FTIR spec t ra  of  WL, I D ,  SD and HA were ob ta ined  on a O i g i l a b  20C 

s p e c t r o w t e r  i n  KBr d i s c s .  A l though g r o s s l y  s i m i l a r  i n  appearance, the 

s p e c t r a  reveal  some no tab le  d i f f e r e n c e s .  A l i p h a t i c  abso rp t i ons  a t  2825 

and 2920 cm-’ appear i n  a l l  the spec t ra ,  b u t  t h e  2825 cm-l peak i s  much 

more in tense i n  WL and ID. 

absent i n  the o the rs .  

a shou lde r  i n  WL and I D ,  b u t  i s  n e a r l y  as i n tense  as t h e  coa l  band (1600 cm-’) 

1 i n  SD and HA. 

t e n t a t i v e l y  ass igned t o  t h e  a s y m t r i c  and symmetric a r y l  a l k y l  e t h e r  

C-0-C s t r e t c h .  Both bands a r e  sma l l  i n  HA. 

abso rp t i on  i s  smal l ,  and t h e  1010 cm-’ abso rp t i on  i s  masked by t h e  k a o l i n i t e  

d o u b l e t  d t  1010 and 1035 cm-’. O f  t h e  aromat ic  o u t  o f  p lane  bending modes, 

o n l y  t h e  860 cm-’ band ( i s o l a t e d  hydrogen) i s  p resen t  i n  a l l  t he  f r a c t i o n s .  

The d i m i n u i t i v e  aromat ic  C-H s t r e t c h i n g  band (3000-3100 cm- ) i n  a l l  t h e  

f rac t i ons ,  and the  low p o p u l a t i o n  o f  aromat ic  protons (15.3%) seen i n  t h e  

’H-NMR spectrum o f  SD, suggests t h a t  t he  aromat ic  m o i e t i e s  a r e  sparse and 

h i g h l y  s u b s t i t u t e d .  An u n i d e n t i f i e d  abso rp t i on  a t  800 cm-’ appears i n  a l l  

t h e  spect ra,  b u t  i s  q u i t e  i n t e n s e  i n  SD. 

SD e x h i b i t s  a prominent  band a t  2970 cm-’, 

The carbonyl  abso rp t i on  a t  1700 cm-’ appears as 

SD shows a p a i r  o f ’ i n t e n s e  bands a t  1260 and 1010 cm- , 

I n  WL and I D ,  t h e  1260 cm-l 

1 
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P e r t r i  fl uoroacet i  c Aci d Oxi d a t i o n  (PTFA) 

The PTFA r e a c t i o n  descr ibed by Oeno (1979) has been r e i n v e s t i g a t e d  

by Hessley e t  a1 (1982) i n  the  a n a l y s i s  o f  Wyodak coa l .  

t h a t  procedure has l e d  t o  low and v a r i a b l e  p roduc t  y i e l d s  when a p p l i e d  t o  

Wi lcox l i g n i t e .  

t he  degradat ion of  a l i p h a t i c  r e a c t i o n  products .  Th i s  m o d i f i c a t i o n  

was developed by Lawrence Shadle a t  Pennsylvania S t a t e  U n i v e r s i t y .  

l i g n i t e  y i e l d s  one hundred methy l  e s t e r s ,  as de tec ted  by GC/MS, o f  which 

f i f t y  comprise ove r  90% o f  t h e  p roduc t .  Fragmentation p a t t e r n s  i n d i c a t e  

t h a t  the m a j o r i t y  o f  t he  products  a r e  methy l  e s t e r s  o f  branched and. nap then ic  

hydrocarbons i n  the mo lecu la r  we igh t  range o f  200 t o  400. Methy l  l a u r a t e  

i s  prominent  among t h e  s t r a i g h t  cha in  e s t e r s  present .  

o x i  rane ca rboxy la tes  have n o t  been de tec ted  among the  p roduc ts .  

NMR o f  t he  crude ac ids  o f  WL, SD, I O  and HA d i s c l o s e s  t h e  presence of  

v a r i a b l e  amounts o f  C2 t o  C5 mono- and d i c a r b o x y l i c  a c i d s .  

abso rp t i ons  a r e  seen i n  these spec t ra ,  w i t h  t h e  n o t a b l e  excep t ion  o f  a 7.3 ppm 

absorp t i on  f rom SD. 

C a l i f o r n i u m  Plasma Desorpt ion Mass Spectrometry (CFPDMS) 

I n  o u r  l a b o r a t o r y ,  

Using a ch loroform coso lven t  d u r i n g  t h e  o x i d a t i o n  moderates 

w i l c o x  

Aromat ic  e s t e r s  and 

Proton 

No a romat i c  

I n  the  CFPDMS exper iment  desc r ibed  by Macfar lane and Torgerson (1976), 

a f i s s i o n  fragment o f  Cf-252 impinges on a t h i n  f i l m  o f  s u b s t r a t e ,  f o rm ing  

h i g h  mo lecu la r  weight  i o n s  whose mass i s  measured b y  a TOF mass spect rometer .  

C o l l i s i o n  r e s u l t s  i n  a l o c a l i z e d  h o t  spo t  f o r  one picosecond, reach ing  temperatures 

o f  some lo4 E x t r a c t s  of  Wi lcox l i g n i t e  t y p i c a l l y  show p o s i t i v e  and 

nega t i ve  i o n s  i n  c l u s t e r s  i n  t h e  mass range of m/z 400 t o  800. I s o l a t e d  

c l u s t e r s  of  peaks a re  seen a t  low s i g n a l  i n t e n s i t y  up t o  m/z 2000. 

i d e n t i f i c a t i o n  of these peaks i s  o n l y  t e n t a t i v e  a t  t h i s  t ime ,  one o f  t h e  

K. 

Although 
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fragments does behave as a c a r b o x y l a t e  f u n c t i o n a l i t y .  

spectrum o f  SD, peaks a t  m/z 646, 668 and 684 occu r  i n  a r a t i o  o f  8:5: . 
The nega t i ve  i o n  spect rum e x h i b i t s  a peak a t  m/z 644. By analogy w i t h  the 

behav io r  o f  known c a r b o x y l i c  a c i d s  and t h e i r  s a l t s ,  these peaks correspond 

t o  s t r u c t u r e s  RCOOHH', RCOOHNa', RCOOHK' and RCOO- r e s p e c t i v e l y .  

i o n  peaks a t  m/z 645 and 668 a r e  a l s o  seen i n  the  spectrum o f  HA. 

Func t i ona l  D e s c r i p t i o n  o f  Wi lcox L i g n i t e  

I n  t h e  p o s i t i v e  i o n  

The p o s i t i v e  

On t h e  b a s i s  o f  t h e  u l t i m a t e  a n a l y s i s  o f  W i l cox  l i g n i t e ,  t he  o rgan ic  

c o n s t i t u t i o n  can be fo rmu la ted  as C100H76021NS. 

0.6 (COOH)/g., 1.6 meq(COOM)/g., and  4.9 meg.(OH, > I iH)/g. I n  t h e  Cloo 

f o rmu la t i on ,  t h i s  corresponds t o  one c a r b o x y l i c  a c i d ,  t h r e e  ca rboxy la te  

s a l t s ,  s i x  hyd roxy l s  and one p y r r o l e .  

s e m i a r b i t r a r i l y  d i s t r i b u t e d  among two a r y l  a l k y l  e t h e r s ,  t h r e e  quinone 

carbonyls  and one e s t e r .  By t h i s  accoun t ing ,  e i g h t  o f  the carbons i n  the 

Cloo f o r m u l a t i o n  appear i n  the  d o w n f i e l d  s k i r t  o f  t h e  a romat i c  C-13 NMR 

abso rp t i on .  

t o  oxygen) and f o r t y  t h r e e  a l i p h a t i c  carbons.  

t o  heteroatoms a r e  ass igned acco rd ing  t o  t h e i r  i n t e g r a t e d  popu la t i ons  i n  

t h e  NMR spectrum o f  SD. 

formula t i  on. 
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250 ZOO 150 100 50 0 -50 

Figure 1 .  l 3  NMR CP/WAS Spectra o f  Wilcox Lignite 
(WL), i t s  DMSO Insolubles (ID), DMSO Solubles ( S D )  
and Humic Acids (HA) .  Scale i s  in ppm. 
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Table 1. Ac id i c  Group Concentrat ion o f  Wi lcox L i g n i t e  F rac t i ons  
(meq/g., daf )  

Sample 

Wi lcox L i g n i t e ,  (WL) 

DMSO Solubles o f  WL, ( S O )  

Deminera l ized WL, (DM) 

DMSO Solubles o f  DM, (SDM) 

( COOH ) 

.55 

.71 

2.1 

2.5 

T o t a l  A c i d i t y  

--- 
--- 

7.0 

7.5 

Table 2.  Proton Popu la t i on  (Area % )  i n  Wi lcox L i g n i t e  DMSO Solubles,  
by H-NMR 

6(ppm) 

4.5-9.0 

3.3-4.5 

2 .O -3 .3  

1.5-2.0 

1.0-1.5 

0.5-1 .O 

N 

15.3 

14.2 

24.0 

12.0 

20.8 

13.7 

109 



Table 3. Account ing of  Func t i ona l  Groups and Atoms i n  the  C1 oH7 021NSM3 
Formulat ion o f  Wi lcox L i g n i t e  Organic Ma t te r .  M = Ra, Ea, e t c .  

Group Popu la t i on  i n  t h e  Atoms Present  i n  S p e c i f i e d  Groups 
Cloo Fo rmu la t i on  C H 0 N S M 

-COOH 1 

-coox 3 

-OH 6 

>N-H 1 

R-0-Ar 2 

>c=o 3 

RCOOR 1 

Aromatic C 49 

A l i p h a t i c  C 43 

H(AR) 10.4 

H(a2) 9.9 

16.3 

H(N) a. 2 

H(6) 14.1 

H ( Y )  9.3 

Thiophene( ? )  

1 1 2 

3 6 

6 6 

1 1 

2 

3 3 

1 

49 

43 

10 

10 

16 

a 
14 

10 

2 

3 
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Table 4. Analyses* o f  W i  l c o x  L i g n i t e  and i t s  S o l u b i l i t y  F rac t i ons  
( %  Dry Bas is ) .  

Sample C H 

WL 62.75 4.45 

SD 68.38 5.17 

I D  64.89 4.67 

HA 66.83 4.02 

DM 70.49 5.01 

*Huffman Labora tor ies ,  I nc. 

0 

19.38 

18.22 

17.92 

23.17 

19.57 

N 

1.28 

1.41 

1.28 

1.41 

1 .48  

S Halogen Ash 

1.32 0.83 14.16 

1.80 1.04 2.98 

1.50 1.06 8.09 

2.54 0.88 1.26 

1.97 0.78 0.23 
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